Background: New catheter-over-needle (CON) technology for continuous peripheral nerve blockade has emerged, but its effect on the risk of perineural catheter tip dislocation is unknown. Less flexible catheters may be more likely to migrate away from the nerve with simulated patient movement. In the present study, we evaluated catheter tip migration between CON catheters and traditional catheter-through-needle (CTN) catheters during ultrasound-guided short-axis in-plane (SAX-IP) insertion. Methods: We evaluated the migration of popliteal-sciatic catheters in a prone, unembalmed male cadaver. Thirty catheter placement trials were divided randomly into two groups based on the catheter type: CON or CTN. A single anesthesiology resident placed the catheters by SAX-IP insertion, and the catheters were then examined by ultrasound before and after ipsilateral knee range of motion (ROM) exercises (0 o -130 o flexion). A blinded expert regional anesthesiologist performed caliper measurements on the ultrasound images before and after the ROM exercises. The primary outcome was the change in distance from the catheter tip to the center of the nerve (cm) between before and after the ROM exercises. Results: The change in the tip-to-nerve distance (median [10th-90th percentile]) was 0.06 (−0.16 to 0.23) cm for the CTN catheter and 0.00 (−0.12 to 0.69) for the CON catheter (P = 0.663). However, there was a statistically significant increase in dislocation out of the nerve compartment for the CON catheter (4/15; 0/15 for CTN) (P = 0.043). Conclusions: Although the use of different catheter designs had no effect on the change in the measured migration distance of popliteal-sciatic catheters, 27% of the CON catheters were dislocated out of the nerve compartment. These results may influence the choice of catheter design when using SAX-IP perineural catheter insertion.
Introduction
Continuous peripheral nerve block (CPNB) techniques are commonly included as part of multimodal pain management strategies for many surgical procedures [1] . Targeted perineural infusions of local anesthetics have many benefits, including improved pain control with fewer side effects compared with intravenous opioids [2] . However, effective analgesia with perineural catheters is dependent upon accurate tip placement near the target nerve or plexus. Perineural catheter dislocation (movement away from the target nerve) and dislodgement (removal of the catheter from its insertion site) with interruption of analgesia are undesirable and potentially preventable events. A previous study demonstrated an average dislocation rate of 15% for interscalene and femoral nerve catheters in healthy volunteers performing simulated postoperative activities, and the dislocation rate reached 25% for femoral nerve catheters over a 6 hour period [3] .
The risk factors for perioperative perineural catheter dislocation are unclear, but catheter design may be a contributing factor. While most perineural catheters on the market are catheter-through-needle (CTN) types (e.g., traditional epidural catheters), catheter-over-needle (CON) technology for CPNB has recently emerged. The CON design has been suggested to decrease the risk of catheter tip dislocation based on less fluid leakage around the catheter, resulting in increased stability of catheter dressings [4] . Similar to a peripheral intravenous catheter, the CON perineural catheter has a larger diameter than the insertion needle and may therefore be less likely to become dislodged [5, 6] . However, this new catheter design has not been rigorously compared with the established CTN design for ultrasound-guided perineural catheter placement.
We designed this cadaver-based pilot study to test our hypothesis that catheter design affects catheter tip dislocation for popliteal-sciatic perineural catheters inserted using an ultrasound-guided short-axis in-plane (SAX-IP) [7] technique.
Materials and Methods
With Institutional Review Board exemption and Veterans Affairs Research Committee approval, we evaluated the migration of popliteal-sciatic perineural catheters in a prone, unembalmed human male cadaver weighing 44 kg and measuring 160 cm in height.
Thirty catheter placement trials were randomly assigned by a computer-generated randomization sequence (www.randomizer.org) into two groups based on the catheter type ( Fig. 1) : CON (ON-Q QuikBloc; Halyard Health, Alpharetta, GA, USA) or CTN (Arrow FlexTip Plus; Teleflex Medical, Research Triangle Park, NC, USA). The CON device was a 16-gauge, 76-mm-long catheter designed to fit over a 20-gauge, 100-mm-long needle (Fig. 1) . The CTN was a 19-gauge, 90-cm-long flexible epidural catheter ( Fig. 1 ) that was modified to enhance tip echogenicity as described previously [8] . A 3-mm segment of a metallic staple (Stanley Bostitch, East Greenwich, RI, USA) was sealed to the distal catheter tip using 2-octylcyanoacrylate glue (Dermabond Advanced; Ethicon, Somerville, NJ, USA).
A human cadaver was placed in the prone position, and a single anesthesiology resident inserted the popliteal-sciatic catheters under ultrasound guidance with a high-frequency linear transducer (HFL50, M-Turbo; Fujifilm SonoSite, Bothell, WA, USA) using the SAX-IP technique [9] . The resident placed each catheter tip anterior to the center of the target nerve within the paraneural sheath [10] . A new puncture site along the lateral thigh was created for each catheter insertion trial. Each catheter was secured by a single-use transparent occlusive dressing after insertion (Bioclusive; Systagenix, Gatwick, West Sussex, UK).
After catheter insertion, the best static ultrasound image of the position of the catheter's tip was determined by the anesthesiology resident and the attending anesthesiologist in the cadaver lab. This image was delivered to a blinded expert regional anesthesiologist to perform caliper measurements of the distance from the catheter tip to the nerve, with secondary confirmation by another blinded expert. The attending anesthesiologist in the cadaver lab then performed five ipsilateral knee range of motion (ROM) exercises (0°-130° flexion) while maintaining the cadaver in the prone position. The same methods for static image capture and caliper measurements were repeated after the ROM exercises.
The primary outcome was the change in distance from the catheter tip to the center of the target nerve between before and after the ROM exercises. The secondary outcome was the proportion of popliteal-sciatic catheters dislocated from the peri- neural compartment after the ROM exercises.
Because comparative studies of catheter tip migration using this design are lacking, we assumed a catheter stiffness similar to that of the stimulating perineural catheter studied previously [8] . Based on this assumption, α = 0.05, and 80% power, we calculated a sample size of 15 trials per group based on the means and standard deviations for the non-tunneled flexible epidural and stimulating catheter groups from the prior study [8] to detect a statistically significant difference in the primary outcome.
The normality of distribution was determined for all scale variables using the Kolmogorov-Smirnov test (NCSS software; NCSS, LLC, Kaysville, UT, USA). For normally distributed data, single comparisons were performed using Student's t-test; for continuous data showing non-normal distributions, the MannWhitney U test was used. The chi-square test or Barnard's exact test (n < 5 in any field) was used to compare categorical data. A P < 0.05 was considered statistically significant.
Results
All 30 catheters were placed successfully using the SAX-IP technique on the first attempt; 2 catheters were accidentally dislodged prior to obtaining baseline caliper measurements and were replaced according to their original randomization assignments. All pre-and post-ROM caliper measurements were performed per protocol. The clear occlusive dressings remained intact during and after all ROM trials, and none of the catheters were dislodged from their insertion sites externally. The change in the perineural catheter tip-to-nerve distance was not different between the two groups. The change in distance (median [10th-90th percentile]) was 0.06 cm (−0.26 to 0.27 cm) for the CTN catheter and 0.00 cm (−0.13 to 1.01 cm) for the CON catheter (P = 0.663). There was a statistically significant difference in the proportion of popliteal-sciatic catheters that dislocated out of the nerve compartment after ROM: 0/15 (0%) for CTN versus 4/15 (27%) for CON (P = 0.043) (Fig. 2) . Of the 4 catheter dislocations, 2 (50%) occurred in the first 15 trials and 2 (50%) oc- 
Discussion
Using an SAX-IP ultrasound-guided technique, the results of this study demonstrate no catheter design-related effect on the measured migration distance of popliteal-sciatic perineural catheters after ROM exercises. However, the greater proportion of catheter tip dislocations (27%) using the CON device may have important clinical implications. Given the common practice of sending ambulatory foot and ankle patients home with popliteal-sciatic catheters [11] [12] [13] , regional anesthesiologists may be more inclined to use a more flexible epidural CTN device if they employ an SAX-IP approach to avoid secondary block failure from a dislocated catheter.
For patients with perineural catheters, inadvertent catheter dislocation or complete dislodgement remains a clinically relevant problem, especially in an outpatient setting [3, 14] . Discharged patients who develop secondary block failure with ensuing severe pain may require care in the emergency department if oral analgesics are insufficient. Patients with functioning perineural catheters at home prefer not to return to the hospital for care related to their catheters and even feel comfortable removing them at home by themselves when their infusions end [13, 15] . Several strategies for catheter dressing have been suggested to prevent accidental dislodgement, including the application of cyanoacrylate glue at the catheter insertion site [16] , subcutaneous tunneling [17] , and addition of an adhesive anchoring device [13, 18] . Tunneling is not mechanically feasible with the CON design, and even the prevention of external dislodgement does not avoid catheter tip dislocation as shown in the present and previously published studies [3, 14] .
Our results apply exclusively to the SAX-IP perineural catheter insertion technique, which advances the catheter in a perpendicular orientation to the target nerve [7] . This approach using ultrasound guidance has been the most rigorously studied against non-ultrasound techniques [9, 19, 20] and has been shown to have advantages over certain other ultrasound-guided techniques [21, 22] . If using a different ultrasound-guided insertion technique [7] , such as the short-axis out-of-plane or longaxis in-plane technique, placing the catheter nearly parallel to the target nerve, the effects of patient movement on catheter tip migration and dislocation may differ. Studies involving other CON devices suggest potential benefits to this technology [6, [23] [24] [25] . To our knowledge, this is the first study to compare CON with more established flexible CTN devices for SAX-IP ultrasound-guided perineural catheter insertion and demonstrate a difference in catheter dislocation.
There are limitations to the present study. The effects of limb manipulation on catheter migration may differ between cadaver models and living human subjects because of differences in tissue mechanics [26] . However, the use of cadaver models has been described previously in studies of perineural catheter migration [8, 27] and has the following advantages: 1) standardization of the catheter procedure and ROM intervention, which is not possible across human subjects, and 2) the ability to alter the flexible epidural catheter to enhance echogenicity [8, 27] , which occludes the distal orifice and prevents its clinical use for perineural infusion. Due to this modification, fluid was not administered via the catheters; thus, our study was unable to assess leakage. Another potential limitation to this study is the use of the same cadaver for multiple needle and catheter insertions. A new puncture site along the lateral thigh was created for each trial, and there was no increase in the number of catheter dislocations in the later trials compared with the early trials. However, it is possible that subsequent catheter insertion attempts followed previously established tracts, which may have influenced catheter tip migration during the ROM exercises. Furthermore, our results are dependent on the techniques, equipment, and target nerve included in the study design. The use of other ultrasoundguided perineural catheter approaches or other catheter devices may produce different results. Finally, given the limited number of trials in this pilot study, we encourage future research in this area to confirm our findings.
In conclusion, catheter design may influence tip dislocation for popliteal-sciatic perineural catheters placed using an ultrasound-guided SAX-IP technique. Each regional anesthesiologist should carefully consider the choice of catheter design based on his or her preferred insertion approach to minimize the risk of inadvertent tip dislocation and secondary block failure, especially in an ambulatory surgery setting.
